Introduction
Passive Seismic methodologies have long been attracting the interest of both the Oil & Gas and the mining industry, as a potentially prominent tool that hasn't found its place yet on the exploration arena. This fact is due both on the complexity of the term Passive Seismic itself, which has been linked, during all those years, to a variety of theories and methodologies, and to the unequal emphasis that has been attributed to the use of Passive Seismic methodologies in the context of induced seismicity studies, leaving its exploration perspective at the edges of the method's evolution.
Having all that in mind, we have focused our research on determining efficient and innovative ways of exploiting Passive Seismic data, in the context of an exploration study. The main idea lied on the fact that there are numerous Passive Seismic methodologies, which can be applied on a Passive Seismic dataset, providing slightly different, but generally compatible, information on the subsurface of a study area. This information can be extracted from a single dataset, if the Passive Seismic acquisition is properly designed and carried out.
In that sense, a processing workflow, incorporating the output of different Passive Seismic methodologies, has been developed. This workflow consists of exploiting three different types of Passive Seismic signal (seismic noise, local earthquakes and teleseismic events) and is based on the nature itself of each recorded signal.
Seismic noise can be processed, using the technique of Ambient Noise Tomography, providing a Vs model for the first few km of the subsurface, while Surface Wave Tomography of teleseismic events can provide information on the Vs distribution at greater depths. Combining these two models, one can obtain a reliable image of the Vs distribution underneath an area of interest, from the surface down to the Moho. In the case local seismicity is present in the study area and the number and distribution of the recorded local earthquakes are adequate to sustain a Local Earthquake Tomography study, the previously acquired information of the Vs distribution could be used as initial information in the course of the tomographic modeling. This would result in acquiring both a Vp and a Vs (or Vp/Vs) model and would permit both to begin the inversion procedure from a starting point that is extracted from the data, which in the case of non-existence of a priori information on an area of interest can be invaluable, and to refine the already acquired model using the additional information carried by local earthquakes.
This processing workflow has been applied on data acquired in the context of the MAUPASACQ project, a research project that has been launched early 2017 and consisted of a 6-month Passive Seismic acquisition on a test site in France, near the Pyrenees mountains. The scope of the project was to exploit the acquired Passive Seismic signal in numerous different ways, applying various Passive Seismic methodologies and trying to understand the orogenic processes that take place in similar environments.
The MAUPASACQ Passive Seismic Dataset
In the context of the MAUPASACQ project, a Passive Seismic Network consisting of 435 stations (197 short-period seismographs, 190 geophone nodes and 48 broadband stations) was installed in the Mauleon basin (SW France). The network spanned an area of 1500km 2 and was recording for a period of 6 months (April to September 2017). As it can be observed in Figure 1 , the short-period stations were uniformly distributed on the study area, on a regular grid of 3x3km, while the geophone nodes were installed along specific lines, with an inter-station distance of 1km. The broadband stations' recordings were not exploited for the purposes of the specific application.
The acquired dataset consisted of 6-month long continuous recordings at 387 locations (197 shortperiod stations and 190 geophone nodes) spread across the area under investigation (Figure 1) . Part of this dataset (data recorded from April 1 st to July 30 th 2017) was processed, using the previously described processing workflow, for the purposes of the present work. 
Ambient Noise and Earthquake Surface Wave Tomography
In the case of Ambient Noise Tomography, the 4-month recordings were initially pre-processed using the procedure proposed by Bensen et al (2007) . The daily cross-correlations (CCs) of the preprocessed noise records between the vertical components of all possible station pairs were calculated and stacked over the totality of the time period, in order to extract the empirical Rayleigh-wave Green's Functions (reference CCs). From the reference CCs, group and phase dispersion curves (DCs) were measured using automatic FTAN analysis and 2D group and phase velocity maps were constructed using the eikonal equation method. These maps were the input to a joint inversion procedure, using a non-linear least-squares algorithm, aiming to calculate the Vs distribution. Depth sensitivity analysis of the emerged Rayleigh waves showed that the measured phase and group velocities were sufficiently sensitive down to the depth of 6km, thus defining the bottom of the model space.
In order to estimate the Vs distribution at greater depths, Surface Wave Tomography using teleseismic events was also applied. The method's implementation is based on a multi-channel CC technique of Jin & Gaherty (2015) , which recovers frequency-dependent phase information via the narrow-band filtering of the CC function between the vertical components of nearby stations. By analysing three seismic events (the April 3, 2017 Mw6.5 of Botswana, the June 12, 2017 Mw6.3 of Lesvos, Greece, and the July 20, 2017 of Kos, Greece), phase velocity information was retrieved for periods of 6 up to 16sec, with a step of 1sec. Tomographic inversion of phase DCs was also performed by applying the eikonal equation method and the local DCs were inverted, using the same non-linear least square algorithm. The calculated Vs model was characterized as reliable at the depths between 4 and 15km, based on sensitivity analysis. The two Vs models calculated using the above-mentioned procedures were combined, resulting in the Vs distribution underneath the study area, from the surface down to a depth of 15km. (Figure 2) 
Figure 2 Vs models calculated using Ambient Noise Tomography (up-left), Surface Wave Tomography (up-right) and the final Vs model deriving from both methodologies (bottom).
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Local Earthquake Tomography
Part of the MAUPASACQ dataset was analysed in the scope of extracting local microearthquakes from the continuous records. Event detection was performed automatically using an energy-based algorithm (Leontarakis et al, 2015) . The detected segments were then isolated from the continuous records and the seismic phases' onset time was automatically estimated, exploiting the statistical characteristics of the detected signals (Lois et al, 2013) .
Application of this procedure on the MAUPASACQ recordings led to a catalogue of 999 exploitable microseismic events, detected and located within or around the study area during the four-month recording period that was analysed, while a total number of 111369 P-and S-phases (61029 P-and 50340 S-phases) was characterized as reliable to be used for tomographic inversion (Figure 3) . A Wadati diagram (plot of the observed P-arrival time versus the observed S-P interval) was constructed, the slope of which provides an estimation of the average Vp/Vs value of the area under investigation. In this case, the average Vp/Vs value was estimated to be equal to 1.76 (Figure 3 ).
Figure 3 Wadati diagram constructed from the 4-month analysed microearthquake data of the MAUPASACQ dataset. A mean value of Vp/Vs equal to 1.76 is indicated (left). Seismicity recorded during the 4-month period by the MAUPASACQ Passive Seismic Network (right).
The joint hypocentre-velocity inversion was performed using a revised version of the SIMULPS code (Evans et al, 1994) , which is inverting for Vp and Vp/Vs. The grid that was used for the model space was 2x2x1km, in x, y and z axis respectively and inversion was performed at the volume of interest, extending from M.S.L. down to a depth of 15km.
Having no other prior information on the study area, apart from the Vs distribution calculated using seismic noise and teleseismic events and an average Vp/Vs value of 1.76 (Wadati diagram) for the half-space under investigation, we decided to apply a two-step progressive inversion scheme. Initially, we inverted for Vp, assuming a coarse 1D Vp model that was estimated by multiplying the average Vs value at each depth layer by 1.76 and a homogeneous Vp/Vs half-space of 1.76. The output of this procedure was a 3D Vp model of the study area. The next step was to invert both for Vp and for Vp/Vs, but this time, the 3D Vp model that resulted from the previous inversion was assumed to be the starting model for Vp, while the initial Vp/Vs model was estimated by dividing the 3D Vp model with the 3D Vs model that was calculated using Ambient Noise Tomography and Surface Wave Tomography of teleseismic events. The results of this procedure are presented in Figure 4 . 
Conclusions
A processing workflow, incorporating the output of three different Passive Seismic methodologies (Ambient Noise Tomography, Surface Wave Tomography and Local Earthquake Tomography), has been developed, aiming in maximizing the information that can be extracted from one single Passive Seismic dataset. This processing workflow has been applied on the MAUPASACQ dataset and the results acquired were very promising, in terms of capitalisation of all the pieces of information that can be hidden inside the different types of Passive Seismic data.
